acute kidney injury; ischemia-reperfusion; mitochondria; apoptosis ACUTE KIDNEY INJURY (AKI) is a major kidney disease that is associated with high mortality and an increased incidence of chronic kidney disease (9 -11, 32) . One of the main causes of AKI in clinical settings is renal ischemia-reperfusion, which occurs during kidney transplantation, vascular occlusion in major surgeries, renal vascular obstruction, and hypoperfusion of kidneys due to dehydration, hypotention, and decreased cardiac output (2, 28) . Due to decreased blood flow in the kidneys, ischemia leads to the deprivation of oxygen and nutrients in tissues, resulting in ATP depletion and related injury in kidney cells. Restoration of blood flow following ischemia further induces reperfusion injury.
Despite decades of study, the cellular and molecular mechanism of AKI induced by renal ischemia-reperfusion remains elusive (2, 28) . The research in recent years has demonstrated that the cell death pathway centered on mitochondrial damage contributes remarkably to renal tubular cell injury and death in AKI (18, 26) . Especially, it is now known that mitochondria are a class of dynamic organelles that constantly undergo fission and fusion under physiological conditions. During ATP depletion in vitro and ischemia AKI in vivo, mitochondrial dynamics are shifted to fission, resulting in mitochondrial fragmentation, which, along with prodeath molecules such as Bax and Bak, induces mitochondrial membrane permeabilization and the release of apoptotic factors (e.g., cytochrome c) to initiate the cascade of apoptosis (5, 37) .
As double-membrane organelles, mitochondria maintain their dynamics at both inner and outer membranes (8, 24, 36) . At the outer membrane, fission is mainly controlled by Drp1, while fusion depends on the functional interaction between mitofusin proteins (13, 29, 36) . Relatively little is known about the regulation of inner membrane dynamics. Nonetheless, OPA1 is known to be the fusion protein for mitochondrial inner membrane in mammalian cells and the regulation of OPA1 depends on proteolytic processing (1, 30) . In 2009, two groups reported separately that OMA1, a zinc metalloprotease located at mitochondrial inner membrane, is responsible for OPA1 proteolysis and inactivation during cell stress (14, 19) . The proteolysis of OPA1 by OMA1 leads to the loss of the long isoforms of OPA1 (L-OPA1), resulting in the inactivation of OPA1 and cessation of inner membrane fusion (14, 19, 30) . More recently, OMA1 has been implicated in OPA1 proteolysis in vivo in metabolic stress (27) . However, it remains unclear whether OMA1 mediates OPA1 proteolysis and inactivation and alterations of mitochondrial dynamics in vivo under other pathological conditions such as ischemia-reperfusion. In addition, the regulation of OPA1 and OMA1 has not been examined in renal cells or tissues. Therefore, the current study was designed to investigate the role of OMA1 in OPA1 proteolysis, mitochondrial fragmentation, and tubular cell apoptosis in experimental models of ischemic AKI.
MATERIALS AND METHODS
Cells and OMA1 knockdown. The immortalized rat kidney proximal tubular cell line (RPTC) used in this study was originally from Dr. Ulrich Hopfer's lab (Case Western Reserve University, Cleveland, OH). OMA1-shRNA was purchased from Origene Technologies (Rockville, MD). To generate OMA1 knockdown stable RPTC cells, OMA1-shRNA was transfected into RPTCs at the confluence of 60% using Lipofectamine LTX (Life Technologies, Grand Island, NY). Twenty-four hours after transfection, cells were subjected to 20 M puromycin (Clontech Laboratories, Mountain View, CA) selection for 2 wk. The knockdown effect was confirmed by immunoblot analysis with anti-OMA1 antibody (Abcam, Cambridge, MA). RPTCs stably transfected with scramble-shRNA were used as control cells.
ATP depletion of RPTC. RPTCs were treated with 10 mM sodium azide (Sigma, St. Louis, MO) for 2.5 h in a glucose-free Krebs-Ringer bicarbonate buffer followed by reperfusion with fresh culture medium for 3 h. Cells were then fixed with 4% paraformaldehyde and stained with Hoechst 33342. Cells were examined by phase contrast and fluorescence microscopy to evaluate the percentage of apoptotic cells, which showed typical morphology of cellular condensation, formation of apoptotic bodies, and nuclear condensation and fragmentation (6) .
Animals and renal ischemia-reperfusion. The mice used in this study were housed and treated following the protocols approved by the Institutional Animal Care and Use Committees of Charlie Norwood VA Medical Center and Medical College of Georgia at Georgia Regent University. C57BL/6 mice were originally purchased from Jackson Laboratory (Bar Harbor, ME). The OMA1 germ line knockout (OMA1-KO) mouse model was established as described (27) . OMA1-KO mice were mated with C57BL/6 mice to generate heterozygotes as breeders for the production of wild-type (WT) and KO littermates for experiment. The genotypes of the mice were determined by PCR with the primers: 1) forward: gagtgctgtttctctgggtgt; 2) reverse for WT: tgccctaaactgaaggtgtg; 3) reverse for KO: tagaccgcggctagaggta. The WT allele product was 379 bp and the KO allele product was 252 bp.
For experiment, male mice of 8 wk old (WT and OMA1-KO) were subjected to 25 min of bilateral renal ischemia as detailed in previous studies (33, 35) . Briefly, mice were given 60 mg/kg pentobarbital sodium by intraperitoneal injection for anesthesia. Renal pedicles were clamped for 25 min followed by the clips for reperfusion being released. Mice were killed at different reperfusion times as indicated to collect blood samples and kidney tissues. Sham-operated mice had the similar procedures but without renal pedicle clamping. The body temperature of the mice was maintained at 36.5°C using a homeothermic blanket system (Harvard Apparatus, Holliston, MA).
Renal function measurement. Blood samples were collected from tail clip or at the time of death. After clotting at room temperature, serum was collected after centrifugation at 12,000 g for 5 min. Blood urea nitrogen (BUN) and serum creatinine were measured with analytical kits from Stanbio Laboratory (Boerne, TX).
Histology. Kidneys were collected freshly and fixed with 4% paraformaldehyde at 4°C overnight, followed by dehydration and paraffin embedding. The paraffin-embedded tissues were cut into 5-m sections for the hematoxylin and eosin staining. Tubular damage was indicated by loss of brush border, tubular dilation, cast formation, and cell lysis. Tubular damage was scored as follows: 1: 0 -25% of damage, 2: 26 -50% of damage, 3: 51-75% of damage, and 4: Ͼ75% of damage. The slides were checked in a blind manner and the representative images were taken with a light microscope.
TUNEL staining. Paraffin-embedded kidney tissue sections were rehydrated and permeabilized with 0.1 M sodium citrate, pH 6.0 for 60 min at 60°C. The slides were then incubated with a TdT-mediated dUTP nick end labeling (TUNEL) reaction enzyme mixture from in situ Cell Death Detection kit (Roche Applied Science, Indianapolis, IN) for 40 min at 37°C. The slides were mounted with Prolong Gold Anti-fade Reagent (Life Technologies). For quantification, 10 -20 fields were randomly selected from each tissue section and the amount of TUNEL-positive cells per 1 mm 2 was evaluated as before (5, 20, 33) . Analysis of mitochondrial fragmentation. To evaluate mitochondrial fragmentation in cultured cells, the pAcGFP1-Mito-MitoGreen (Clontech Laboratories, Mountain View, CA) was transiently transfected into RPTC. Following treatment, the cells were fixed with 4% paraformaldehyde and mounted with Prolong Gold Anti-fade Reagent (Life Technologies). Mitochondrial fragmentation was evaluated as described in our previous studies (6, 12) . Briefly, the morphology of mitochondria in individual cells was examined. The fragmented mitochondria displayed shortened and punctated morphologies while the filamentous mitochondria had thread-like or tubular structures. Totally 100 -200 cells were examined to determine the percentage of cells with fragmented mitochondria in each group and five separated experiments were conducted for statistical analysis. To analyze mitochondrial fragmentation in vivo, mice were perfused with heparin (10 ml of 10 U/ml for each mouse) and 50 ml fixative (100 mM sodium cacodylate, 2 mM CaCl2, 4 mM MgSO4, 4% paraformaldehyde, and 2.5% glutaraldehyde) followed by overnight postfixation at 4°C. Tissue blocks of ϳ1 mm 3 containing cortex and outer medulla were cut from each kidney, which were then processed in the electron microscopy core of Georgia Regent University. The length of mitochondria in the cells was measured using ImageJ software (http:// imagej.nih.gov/ij). Mitochondria with more than 2 m of length were considered filamentous. The cells with Ͻ1% of filamentous mitochondria were counted cells with mitochondrial fragmentation (6, 33) .
Analysis of cytochrome c release. Cytochrome c release was detected by immunoblot analysis for its expression in mitochondria and cytosol, respectively (6) . To examine cytochrome c release in RPTCs, the cells were fractionated using an isotonic sucrose buffer containing 0.05% digitonin (wt/vol) for 5 min. The cytosol and mitochondrial fractions were separated by centrifugation. The digitonin-soluble portion was the cytosolic fraction and the pellet was mitochondria-enriched membrane fraction. To analyze cytochrome c release in mouse kidney tissues, fresh mouse kidney cortical tissues were collected and homogenized with lysis buffer containing 0.27 M sucrose, 1 mM EGTA, and 5 mM Tris·HCl (pH 7.4). After 600 g of centrifugation for 10 min at 4°C, the supernatant was collected for further centrifugation in 4°C with a speed of 100,000 g for 1 h to separate the cytosol and mitochondrial fractions. The soluble portion was the cytosolic fraction and the pellet was mitochondrial fraction (33) .
Immunoblot analysis. Protein samples were separated on the denatured SDS-PAGE gels and then transferred to PVDF membrane for immunoblot analysis. After being blocked in 5% milk, the blots were incubated in primary antibodies and secondary antibodies subsequently. The specific signals were detected by chemiluminescence.
Statistics. Microsoft Excel (14.1.2) was used for all the data analysis. Student's t-test and ANOVA test with P Ͻ 0.05 were considered as statistically significant difference.
RESULTS

Knockdown of OMA1 suppresses ATP depletion-induced apoptosis in RPTC.
We initially examined the role of OMA1 in apoptosis following ATP depletion in RPTCs. RPTCs were stably transfected with shRNAs to knockdown OMA1. As shown in Fig. 1, A and B, OMA1-shRNA transfection induced ϳ50% decrease of OMA1 expression comparing with the scramble shRNA transfection. Both OMA1 knockdown cells and scrambled sequence transfected cells were treated with sodium azide (a mitochondrial respiration inhibitor) in glucosefree medium to induce ATP depletion, followed by recovery in full culture medium (5) . The treatment induced 35% apoptosis in scrambled sequence transfected cells, but only 15% in OMA1 knockdown cells (Fig. 1, C and D) . Consistently, scrambled sequence transfected cells had a significantly higher level of cleaved/active caspase-3 than the OMA1 knockdown cells (Fig. 1E: lane 5 vs. 6; Fig. 1F ). These results indicate that the loss of OMA1 alleviates the apoptosis induced by ATP depletion in RPTCs, supporting a role of OMA1 in tubular cell apoptosis in this model.
Knockdown of OMA1 inhibits OPA1 proteolysis and mitochondrial fragmentation during ATP depletion. Cytochrome c release from mitochondria to cytosol is a hallmark of the intrinsic pathway of apoptosis (7) . As shown in Fig. 2, A and B, cytochrome c was released during azide treatment of RPTCs (lane 3) and this release was inhibited in OMA1 knockdown cells (lane 4). As OMA1 has been implicated in OPA1 cleavage during mitochondrial injury and stress (14, 19, 27) , we further examined the spectrum of OPA1 isoforms in those cells. Two long isoforms (L1 and L2) and three short isoforms (S1, S2, and S3) of OPA1 were detected by immunoblot analysis in control cells (Fig. 2C: lanes 1, 2) . Following azide treatment, the long isoforms of OPA1 (especially OPA1-L2) disappeared and, concomitantly, there was a marked accumulation of OPA1-S3 short form (Fig. 2C: lane 3) , indicative of OPA1 proteolysis. Notably, the OPA1 proteolysis was suppressed in OMA1 knockdown cells (Fig. 2C: lane 4) . This conclusion is further supported by quantification of OPA1-L2 (Fig. 2D) .
OPA1 is the key fusion protein for mitochondrial inner membrane. Excessive proteolysis leads to the inactivation of OPA1 followed by the arrest of inner membrane fusion, contributing to inner membrane cleavage (1) . We reasoned that the preservation of OPA1 in OMA1-knockdown cells (Fig. 2, C  and D) would prevent mitochondrial fragmentation as a consequence of lack of inner membrane cleavage. To monitor mitochondrial morphology, the cells were transfected with MitoGreen (pAcGFP1-Mito) to label mitochondria and then subjected to azide treatment. Representative images of cells with filamentous (right) and fragmented (left) mitochondria are shown in Fig.  2E . By cell counting, we detected some (Ͻ25%) cells with fragmented mitochondria under control conditions, which were not affected by OMA1 knockdown. After azide treatment, 52% cells showed fragmented mitochondria, which was suppressed to 37% when OMA1 was knocked down (Fig. 2F) .
Together, these in vitro experimental results suggest that under ATP depletion conditions, OMA1 may regulate apoptosis by mediating OPA1 proteolysis and inducing mitochondrial fragmentation and proapoptotic factors leakage in kidney tubular cells.
OPA1 proteolysis occurs during renal ischemia-reperfusion in mice. To assess whether OMA1-dependent OPA1 proteolysis plays a pathological role in vivo, we examined a mouse model of renal ischemia-reperfusion. C57BL/6 mice were subjected to 25 min of bilateral renal ischemia followed by 48 h of reperfusion. Figure 3 , A and B, shows that after ischemiareperfusion the BUN and serum creatinine values significantly increased compared with control. Meanwhile, the kidney injury molecule-1 (Kim-1), a biomarker of kidney proximal tubular injury (31), was markedly induced at 48 h of reperfusion (Fig.  3, C and D) . The loss of renal function was accompanied with OPA1 proteolysis. As shown in Fig. 3 , E and F, after ischemiareperfusion, the long isoforms of OPA1 (L1 and L2) showed obvious decreases, while the shortest OPA1 accumulated.
OMA1 knockout protects renal function and reduces OPA1
proteolysis in ischemic AKI. Since OPA1 proteolysis occurs in ischemic AKI in mouse, we determined whether the proteolysis is OMA1 dependent. To this end, we used a recently described OMA1 knockout mouse model (27) . The deficiency of OMA1 in this model was verified by genotyping (Fig. 4A) . OMA1 knockout did not induce noticeable defects in renal function and histology at the age of 8 wk of our experiment (Figs. 4, B and C, and 5A ). Male littermates of OMA1-KO and WT were subjected to 25 min of bilateral renal ischemia. At 24 h of reperfusion, BUN in WT mice increased to 159 mg/dl, whereas 93 mg/dl in KO mice (Fig. 4B) . The BUN in WT mice further increased to over 200 mg/dl at 48 h of reperfusion, while that of KO started to decrease. Consistently, serum creatinine in KO mice (0.52 mg/dl) was significantly lower than that of WT mice (1.35 mg/dl; Fig. 4C ). Immunoblot analysis showed a dramatic induction of Kim-1 in the kidney tissues of WT mice after ischemia-reperfusion, which was markedly lower in KO tissues (Fig. 4, D and E) . Notably, OPA1-L2 isoform disappeared during renal ischemia-reperfusion in WT tissues but was preserved in KO tissues (Fig. 4, F  and G) , suggesting a role of OMA1 in mediating OPA1 proteolysis and ischemic AKI.
Tubular damage and apoptosis are attenuated in OMA1-KO mice during renal ischemia-reperfusion. In histology, renal ischemia-reperfusion induced significant tubular damage in WT mice, as indicated by lysis of tubules and massive cast formation (Fig. 5A: left bottom) . Tubular damage was also detected in OMA1-KO tissues (Fig. 5A: right bottom) . Our results showed that WT tissues had a tubular damage score of 2 and score of 1.25 was for KO tissues (Fig. 5B) . We further evaluated renal apoptosis by TUNEL assay. After renal ischemia-reperfusion, ϳ50 TUNEL-positive cells were detected in each mm 2 of WT kidney tissues, whereas 35 in OMA1-KO tissues (Fig. 5, C and D) . Cleaved, active caspase 3 was detected in both WT and OMA1-KO mice after ischemiareperfusion (Fig. 5H: lanes 2-4 and lanes 6 -8) . However, the level of active caspase 3 in WT kidney tissue was markedly higher than that in OMA1-KO tissue (Fig. 5, E and F) . Together, these results indicate that OMA1 contributes to apoptosis, tubular damage, and ischemic kidney injury.
Resistance of OMA1-KO tissues to mitochondrial fragmentation and cytochrome c release in ischemic AKI. Our results shown above support a role of OMA1 in tubular cell injury and death in ischemic AKI. Mechanistically, OMA1 mediates OPA1 proteolysis under the disease condition. OPA1 is a mitochondria inner membrane fusion protein, which plays an important role in cytochrome c retention in mitochondria (15) . Thus, to further understand the involvement of OMA1 in ischemia AKI, we examined mitochondrial morphology and cytochrome c release in the WT and KO kidneys (Fig. 6, A and  B) . By electron microscopy, we observed proximal tubular cells in kidneys with filamentous or fragmented mitochondria (Fig. 6A) . The basal level of tubular cells with fragmented mitochondria was ϳ10% in both WT and OMA1-KO mice. Renal ischemia induced mitochondrial fragmentation in 26.1% of tubular cells in WT mice, but only 18.2% in KO mice (Fig.  6B) , supporting a role of OMA1 in mitochondrial fragmentation. We further examined cytochrome c release in WT and OMA1-KO mouse kidneys (Fig. 6, C and D) . No cytochrome c release from mitochondria was detected in sham-operated kidneys (Fig. 6C: lanes 1 and 2) . After 25 min of ischemia and 16 h of reperfusion, there was significant release of cytochrome Fig. 3 . OPA1 proteolysis occurs during renal ischemiareperfusion in mice. C57BL/6 mice were subjected to 25 min of bilateral renal ischemia followed by 48 h of reperfusion (I25R48). A: blood urea nitrogen (BUN) values for mice before (control) and I25R24 and I25R48 (n ϭ 4). **P Ͻ 0.01. B: serum creatinine values at 48 h of reperfusion (n ϭ 4). *P Ͻ 0.05. C: immunoblot of kidney injury molecule (Kim 1) at conditions of sham and I25R48. D: quantification of Kim 1 (n ϭ 4). **P Ͻ 0.01. E: immunoblot of OPA1 showing OPA1 proteolysis during renal ischemia-reperfusion. F: densitometry analysis of OPA1-L2 degradation during renal ischemiareperfusion (n ϭ 4). **P Ͻ 0.01. Fig. 4 . OMA1 knockout (KO) protects renal function and reduces OPA1 proteolysis in ischemic acute kidney injury (AKI). Male littermates of wild-type (WT) and OMA1-KO mice were subjected to 25 min of bilateral renal ischemia and 48 h of reperfusion. A: PCR-based genotyping results to confirm OMA1 deletion in KO mice. WT allele, 379 bp; OMA1-KO allele, 252 bp. B: BUN values for WT and KO mice before surgery (control) and during renal ischemia-reperfusion (I25R24 and I25R48; n ϭ 5 pairs). #P Ͻ 0.05 vs. KO mice at I25R48. *P Ͻ 0.05, **P Ͻ 0.01 vs. control. C: serum creatinine for WT and KO mice before surgery (control) and at 48 h of reperfusion (I25R48; n ϭ 5 pairs). **P Ͻ 0.01. D: immunoblots of Kim-1 for WT and KO mice with sham and I25R48 operations. E: quantification of relative expression of Kim 1 (n ϭ 3 pairs). *P Ͻ 0.05, **P Ͻ 0.01. F: immunoblot of OPA1 showing the changes of various OPA1 isoforms during renal ischemia-reperfusion in the WT and KO mice. ␤-Actin was probed as loading control. G: densitometry analysis of OPA1-L2 (n ϭ 3 pairs). **P Ͻ 0.01. c in WT mouse kidneys (lane 3), which was partially suppressed in OMA1-KO mouse kidneys (lane 4).
DISCUSSION
Tubular cell apoptosis contributes significantly to the pathogenesis of AKI (18, 26) . Especially, the intrinsic pathway of apoptosis plays an important role in tubular apoptosis under this disease condition (18, 37) . The intrinsic pathway is characterized by Bax/Bak-mediated mitochondrial membrane permeabilization and the release of apoptogenic factors, such as cytochrome c. Our recent work demonstrated that Bax or Bak-deficient mice are protected from AKI following renal ischemia-reperfusion (33) . Interestingly, before mitochondrial membrane permeabilization, mitochondria become fragmented during tubular cell apoptosis and inhibition of mitochondrial fragmentation prevents mitochondrial damage and reduces apoptosis and kidney injury, supporting a pathogenic role of mitochondrial fragmentation (5). We and others further showed that fragmented mitochondria are sensitized to Bax "attack" of mitochondria (3, 16) , providing an explanation as to how mitochondrial fragmentation participates in apoptosis. Of note, all these studies focused on the molecular events at mitochondrial outer membrane. In contrast, relatively little is known about inner membrane cleavage.
In the present study, we investigated the regulation of mitochondrial inner membrane during cell stress following ATP depletion in vitro and renal ischemia-reperfusion in vivo. Specifically, two inner membrane proteins were studied: OPA1 and OMA1. OPA1 is the key fusion protein for mitochondrial inner membrane. Due to alternative splicing and proteolytic processing, OPA1 exists in cells in multiple forms (1, 30) . Consistently, our immunoblot analysis detected two long and three short OPA1 isoforms in RPTCs and kidney tissues (Figs.  2 and 4) . Interestingly, the fusion activity of OPA1 depends on the presence of both long and short OPA1 isoforms. During cell stress, OPA1 is excessively proteolyzed, leading to the loss of the long isoforms resulting in the inactivation of OPA1, which contributes to the cleavage of mitochondrial inner membrane (21) . Importantly, it has been suggested that OMA1, a zinc metalloprotease located in mitochondrial inner membrane, may be the key protease responsible for the excessive OPA1 proteolysis during cell stress or apoptosis (14, 19) . To examine this possibility in renal cells and tissues, we first determined the effects of OMA1 knockdown. OMA1-knockdown suppressed OPA1 proteolysis, inhibited mitochondrial fragmentation and leakage, and attenuated apoptosis following ATP depletion injury in RPTCs (Figs. 1 and  2) . To demonstrate the role of OMA1 in vivo, we examined a newly established OMA1-KO mouse model. Compared with WT mice, OMA1-KO mice exhibited better kidney function, less OPA1 proteolysis, tubular damage, and apoptosis in response to ischemic challenge (Figs. 4 -6) . Collectively, these results support a role of OMA1 in OPA1 proteolysis and the associated mitochondrial damage and apoptosis.
As highly dynamic organelles, mitochondria frequently undergo fission and fusion in normal physiological conditions and the dynamics are important to the homeostasis, function, and viability of mitochondria and the cell (8, 24, 36) . Mitochondrial fission depends on the activation of fission proteins such as Drp1, while fusion is controlled by mitofusin proteins at the outer membrane and OPA1 at the inner membrane. In response to cell stress, mitochondrial fission is activated and fusion is arrested, resulting in fragmentation of the organelles. Inhibition of mitochondrial fragmentation by blocking Drp1 or expressing mitofusins prevents mitochondrial damage and apoptosis, supporting a critical role of mitochondrial fragmentation in cell injury and death under pathological conditions. Notably, blockade of mitochondrial fragmentation leads to the prevention of apoptosis and tissue damage in disease models (5, 17, 23, 25) , further supporting a pathogenic role of mitochondrial fragmentation. Mitochondrial fragmentation plays a critical role in ischemic and cisplatin nephrotoxic kidney injury (5) . Mitochondrial fragmentation involves the cleavage of both outer and inner membranes. However, most previous studies were focused on the cleavage of the outer membrane. Our present results have verified the role of OMA1 in OPA1 proteolysis and inactivation for inner membrane cleavage. Together with previous work (4 -6, 12) , it is suggested that upon cell stress, Drp1 moves to mitochondria to accelerate fission and Bak is activated to block outer membrane fusion, leading to outer membrane cleavage. Meanwhile, OMA1 is activated to induce excessive proteolysis and inactivation of OPA1, resulting in inner membrane cleavage. Together, these molecular events coordinate mitochondrial fragmentation during cell stress and apoptosis.
Despite the recognition of the role of OMA1 in OPA1 proteolysis, it remains elusive as to how OMA1 is activated for OPA1 proteolysis during cell stress. In this regard, OMA1 has been proposed to be normally sequestered by prohibitin complexes and, upon cell stress, OMA1 is released (22) . This scenario, while being attractive, remains to be investigated. For example, it is unclear whether OMA1 is indeed sequestered in prohibitin complexes and whether the complexes are disrupted to release OMA1 during cell stress. In addition, the factors governing the integrity of prohibitin complexes are completely unknown. Addressing these questions would gain significant new insights into the molecular regulation of mitochondrial inner membrane dynamics under pathophysiological conditions.
